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The present paper studies the effects of the additions between 3.00 and 7.00 wt% of additive Granic 
422 instead of polypropylene on polymeric tapes properties as color difference, structure and tensile 
parameters. Micro-structural analysis revealed additional agglomerations of calcium carbonate particles 
on the surfaces of the tapes after application of new portions of the variable additive. Composition-
property relations showing the changes in properties of tapes were suggested. For increase in color 
difference of the tapes from zero to 0.18, a logarithmic relation was used. For other indices, the linear 
relations were proposed. On the basis of the relations, the positive changes of 2.0-2.7% in macro-
structural parameters (width, thickness, linear density) and negative changes of 2.1-8.8% in tensile 
characteristics were obtained.
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1. Introduction
Different components of additives, polymeric blends 

and covers as well as various multifunctional compounds 
and active agents play a vital role in modification of 
special textiles functionality1-5. The polyolefins, namely 
polypropylene (PP) or polyethylene (PE) are main 
polymers for tapes production. The polymeric tapes are 
widely applied in manufacture of textile packages of great 
capacities for storage of such products as building materials, 
fertilizers and other dry substances. Modern tendencies of 
recent developments of tapes manufacture are connected 
with a use of the new modifications of components, i.e. 
blends of polyolefins and olefinic monomers1,6,7 as well as 
with the supplementary applications of various types of 
additives8-19 for improving whiteness, antistatic properties, 
soiling resistance and great number of other qualities. 
Multifunctional additives can improve homogeneity and 
mixing of all the components, but their positive/negative 
effects on basic properties of tapes are almost unknown. 
The additives can be converted into different solid forms, 
either master batch pellets or powders. Nano additives of 
high functionality are also used20-25. For enhancement of 
functional properties of polyolefin materials, the inorganic 
fillers as calcium carbonate, talc, silica and others are 
important materials8,16,26,27. For instance, calcium carbonate 
provides opacity and surface gloss of polymeric products, 
but, for complex compositions of tapes, these effects were 
not studied. It was found in previous work27 that the changes 
in linear densities and tenacities of the tapes can take place 
after applications of individual amounts of additives and 
selected melt pump speeds during manufacture. Unfortunately, 
the composition-property relations, for instance, their types 
are undisclosed as yet.

Moreover, for present-day textile materials, several additives 
as the constituent elements are often used. Therefore, more 
complex combinations of different additives, when they are 
used together with polyolefins are needful to be checked. 
In the current study, the samples of tapes composed of PP 
component and three types of additives applied together 
are examined. The aim of the study was to show the effects 
of variable amounts of special additive for maintenance of 
whiteness used instead of PP component in the tapes.

2. Experimental
The performance of variable amounts of additive Granic 

422 (Constab Co., Germany) instead of PP component 
(Unipetrol Co., Czech Republic) on properties of tapes was 
evaluated. As can be seen from Table 1, when portion of the 
additive increases from 3.00 to 7.00 wt%, the portion of PP 
component respectively decreases from 92.25 to 88.25 wt%. 
Additive Granic 422 was applied to impact whiteness to 
the material. A master batch of calcium carbonate particles 
was used. The content of calcium carbonate was 80 wt% 
and that of linear low-density polyethylene (LLDPE) was 
20 wt%. In the current study, LLDPE is a copolymer of 
ethylene and 1-octene.

The fixed amounts of other two additives, i.e. Polycom JB 
7100 (Omega Plasto Compounds Co., India) and UV 01017 
PP (Constab Co., Germany) were selected in accordance with 
experience of preliminary experimentation (Table 1). Additive 
Polycom JB 7100 was used as modifier, processing aid and 
bonding agent. In this additive, the portion of inorganic 
coupling agents and inorganic additives was 75.50 wt%, and 
the portion of the polyolefins was 24.50 wt%. Additive UV 
01017PP was used as a protector of photochemical oxidation.

The melt flow index (MFI) value of additive Granic 422 
was 1.2 g/10 min. For additive Polycom JB 7100, the MFI * e-mail: donatas.petrulis@ktu.lt
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Table 1: Composition of tapes (wt%).

Component Amount, wt%

sample A sample B sample C sample D sample E

Additive Granic 422 3.00 4.00 5.00 6.00 7.00

Additive Polycom JB 7100 3.00 for all samples

Additive UV 01017 PP 1.75 for all samples

Polypropylene 92.25 91.25 90.25 89.25 88.25

parameter was at a level of 3.8 g/10 min. The MFI value of 
the PP component was 3.1 g/10 min.

Samples of tapes were produced in single screw extruder 
E10 (Barmag Saurer Co., Germany).  The samples had to 
go undergo processes of molding of components, extrusion 
of a film, thermo-acting and cutting into tapes and then their 
drawing into tapes having about 2.5 mm width conventional for 
manufacture of woven packing materials. Betacontrol systems 
were applied for monitoring of the thickness of a film in its 
width. In order to have identical conditions for manufacture of 
samples, all process parameters were used at fixed level. For 
instance, melt pump speed value was 44.0 min-1. Take-off speed 
was set at a level of 53.3 m/min, and take-up speed was 340.0 
m/min. Thus the total draft ratio of the fully drawn products 
was fixed at a level of 6.380. A distance between the slit dye 
of extruding device and the cooling unit of 50 mm was used 
everywhere. The temperatures in the extruder zones were set 
at 212-235oC. At die zone temperature was fixed at a level 
of 235oC. The samples were solidified by water at 35oC. The 
temperatures at heating oven and annealing stand were 173oC 
and 120oC, respectively.

The surfaces of tapes and the samples of components were 
examined using a FEI QuantaTM 200 FEG model (FEI Co., The 
Netherlands) scanning electron microscope (SEM). Energy-
dispersive X-ray (EDX) spectroscopy was used as a tool of 
the chemical characterization of materials. Spectrafotometer 
Spectraflash SF450X (Datacolor Co., USA) with software 
Datacolor Tools v3.0 was applied to measure color difference 
(ΔEcmc) according to the standard28. The control sample A 
was taken as the standard, and the other tapes, i.e. B, C, D 
and E were taken as the samples when calculating the color 
difference. The values of width and thickness of the tapes were 
measured using special installation. To monitor the tape width, 
a zoom microscope SM 2800 Achro 0,5x (Nikon Co., Japan) 
and digital camera Nikon Coolpix 4500 (Nikon Co., Japan) 
were applied. Software METRIC 7.0 was used to measure the 
width values. Thickness of tapes was determined by means of 
thickness gauge (Hans Schmidt & Co., Germany). To compute 
the linear densities of the tapes, the samples of fixed length (10 
m) were weighed in an EW 150-3M electronic balance (Kern 
& Sohn Co., Germany). The tensile properties of all samples 
were measured on the tensile testing machine H5KT (Tinius 
Olsen Ltd., United Kingdom) according to requirements of 
the standard29. The specimen length was set to 500 mm, and 
the speed of the moving clamp was of 500 mm/min. To avoid 
the slippage of specimens, the special grips were applied. A 
pretension 0.5 cN/tex was applied. The breaking forces and 
elongations at break were obtained from the stress and strain 
graphs at the breaking point. The values of work of break were 
determined as the equivalents to the area under force extension 

curve. Other indices, i.e. breaking tenacity and specific work of 
break were computed applying values of breaking force, work 
of break and linear density of the tapes. The values of initial 
modulus of each specimen were measured at 1.0% strain, and 
after that were computed for a level of 100.0% extension. All 
measurements were performed with 20 replicates for each sample 
type at atmospheric conditions as specified in the standard30.

The effects of the additive on properties of tapes as well as 
the statistical values of measurements were determined using 
Microsoft Excel Data analysis Tool Pak. Confidence level of 
0.95 was applied. The values of determination coefficients 
(R2) were computed, and after that the empirical equations 
showing relations between variable portion of additive 
Granic 422 and properties of tapes were suggested. For this 
purpose, the well-known least squares method was applied. 
Finally, the quantitative changes in the basic properties were 
obtained using the relations of the current study.

3. Results and Discussions
In the beginning, additive Granic 422 was examined 

before its application in manufacture of tapes. Figure 1, 
where SEM micrograph of the additive is given, indicates 
that the particles of calcium carbonate have rather smooth 
surfaces and sharp edges. Minimum dimensions of typical 
particles of calcium carbonate were about 0.71-1.00 µm, 
and the maximum dimensions were in a range of 4.00-4.50 
µm. These results are in a line with reference31, where it was 
noted that this additive contains calcium carbonate particles 
of 1.60 µm mean size. In our opinion, the particles can affect 
continuity of tapes structure. Finally, the dimensions of the 
particles can be connected with the phenomena of interfacial 
interaction and load transfer in the tapes.

Using EDX test it was found that the calcium (Ca) was 
also observed as dominant element of inorganic materials in 
the tapes. The surfaces of the tapes were examined. As shown 
in Figure 2, where the test results are given in a qualitative 
form, the agglomerations of Ca element are very different 
for samples of tapes containing different amounts of additive 
Granic 422. Figure 2.b of sample E demonstrates that after 
application of maximum portion of the additive, the spread 
of Ca element through the surface of a tape becomes greater 
if compared with that for initial variant A shown in Figure 
2.a. The surfaces of the tapes A and E were also different, 
i.e. the great indications of the additives were observed for 
sample E shown in Figure 3.b, but these were less noticeable 
for sample A given in Figure 3.a.

The results of color difference ΔEcmc for tapes show (Figure 
4) that additive Granic 422 can effectively improve whiteness 
of the tapes. The experimental values of ΔEcmc tend to increase 
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Figure 1: Typical SEM micrograph of additive Granic 422 before 
application for manufacture of tapes.

Figure 2: Typical EDX test micrographs showing the spread of 
Ca element on the surfaces of tapes: a – sample A, b – sample E.

Figure 3: Typical SEM micrographs of surfaces of tapes: a – sample 
A, b – sample E.

with the increase in the additive content. The biggest value of 
ΔEcmc was found for sample E containing maximum portion of 
additive Granic 422. Meanwhile, other samples (B, C and D) 
differed from control sample A less. This trend is conditioned 
by additional applications of calcium carbonate particles which 
were used as main component in additive Granic 422. It can 
be seen that especially clear positive changes in ΔEcmc were 
detected for amount up to 5.00 wt%, but further increments of 
the additive portion have reduced positive effect. To show this 
nonlinear effect, the logarithmic composition-property relation 
was suggested, and the value of R2=0.8798 was obtained. 

The results of the tapes width, thickness and linear density 
after application of additional amounts of additive Granic 422 are 
given in Figure 5. From the data obtained it is possible to claim 
that for all above-mentioned indices of the macro-structure, a 
tendency of increase can be reported. The enough great values 
of R2, i.e. 0.9552, 0.9356 and 0.9479 were obtained for indices 
of width, thickness and linear density, respectively. Therefore, 
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Figure 4: Effect of portion of additive Granic 422 on color 
difference of tapes.

Figure 5: Effect of portion of additive Granic 422 on macro-structure 
of tapes: a – width, b –thickness, c – linear density.

the strong and positive correlation between the portion of the 
additive Granic 422 and macro-structure of the tapes can be 
declared. These tendencies are conditioned by several reasons 
connected with melt flow changes during extrusion and the other 
processes of tapes manufacture. For instance, the elastomeric 
component of the additive, i.e. LLDPE can fill the micro-pores 
in the tapes better when a maximum portion of the additive is 
applied. Hence, for such tapes, their cross-sectional dimensions 
after drawing process are greater. Meanwhile, the samples having 
open micro-pores can change their cross-sectional dimensions 
with the greatest intensity. The changes in linear density of tapes 
are also conditioned by the above-mentioned reasons. Since 
additive Granic 422 has greater its density31 (1.80 Mg/m3) if 
compared with that of PP component (0.90-0.92 Mg/m3), the 
linear density of the tapes was also additionally affected by 
this factor. As it was mentioned earlier, the main component of 
additive Granic 422 has a great portion of calcium carbonate. 
Hence, the tapes containing a small amount of the additive and, 
therefore, a great portion of PP component, have great recoverable 
elastic deformations developed during manufacture. So, this 
factor can also explain, why the tapes containing maximum 
portion of the additive Granic 422 have the greatest widths, 
thicknesses and linear densities. Other factors, for instance, the 
smaller MFI value of the variable additive compared with that 
of PP component, as well as the risk of slippage of tapes after 
applications of the additive Granic 422, also can be mentioned 
as possible reasons. If the slippage between tape and the rolls 
of the extruder increases, the draw ratio of the tape tends to 
decrease. In our opinion, the accidental slippages for different 
samples are likely limited because the variations of the tapes in 
their widths, thicknesses and linear densities fluctuated without 
clear changes for different samples. Moreover, the variation 
coefficients of the width, thickness and linear density of tapes were 
rather similar, i.e. 1.0-1.6%, 0.4-0.6%, 0.6-0.9%, respectively. 
Meanwhile, the factor of MFI value of the additive can change 
the quantity in grams of blended substance of polyolefins and 
additives during process of extrusion. Since Granic 422 has MFI 
value less compared with that of PP component, the effect of 
decrease of cross-sectional parameters of tapes can be expected 
for samples with the greatest portions of the variable additive. In 

our opinion, this effect was not the strongest, and, therefore, the 
total tendencies for the changes in macro-structure were mainly 
conditioned by earlier-mentioned phenomenon of micro-pores. 

The effects of Granic 422 portion on tensile indices are 
shown in Figure 6. The tendencies are as follows. When 
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Figure 6: Effect of portion of additive Granic 422 on tensile properties of tapes: a – breaking force, b – tenacity, c – elongation at break, 
d – work of break, e – specific work of break, f – initial modulus.
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amount of additive Granic 422 increases and amount of PP 
component decreases, the tensile indices, namely breaking 
force, tenacity, elongation at break, work of break, specific 
work of break and initial modulus of tapes have a tendency 
to decrease. It is worth to note that these changes can be 
connected with previously mentioned tendencies of micro- 
and macro-structure of tapes. The tensile properties of tapes 
after applications of the additive are worse, and these tapes, 
as it was shown earlier, also have greater cross-sectional 
dimensions and linear densities compared with the initial 
parameters. Therefore, as a possible reason of such changes 
can be less ordered molecular orientation. Another negative 
reason can be connected with the changes in continuity of 
polymeric tape structure, because inorganic materials as 
constituent parts of the additive are additionally used. As it 
was mentioned earlier, especially dimensions of the particles 
can be fundamental for tensile properties. On the other hand, 
the tapes with great portions of the additive have filled 
micro-pores, and therefore, such reason can be mentioned as 
a positive factor. Figure 6 also shows that the linear relations 
were obtained for all tensile parameters. For the relations, 
the values of R2 were between 0.4446 and 0.9932.

In the next stage of a study, the above-mentioned relations 
were applied to obtain the values of changes in macro-
structural and tensile properties. The computed values of 
indices of sample A were taken as the standard, and after that 
the calculations for sample E were used to obtain the values 
of maximum changes. These results are shown in Figure 
7. Hence, the positive changes in the widths, thicknesses 
and linear densities of tapes were obtained. These values 
varied between +2.0 and +2.7%. For the tensile indices, the 
negative changes in a range between -2.1 and -8.8% were 
observed. The smallest losses were obtained for indices of 
breaking force (-2.1%) and elongation at break (-2.8%). 
Other parameters, such as tenacity, work of break, initial 
modulus and specific work of break had changes between 
-4.5 and -8.8%. These findings are consistent with previously 
mentioned increase in linear density of tapes.

Finally, the current research showed that additive Granic 
422 can improve whiteness of tapes. However, the portions 
of the additive should be carefully added because product 
tensile properties decrease with its use.

4. Conclusions
It was found that the increase in additive Granic 422 

additions to the polymeric tapes instead of polypropylene 
component affects their whiteness, micro-, macro-structure 
and tensile properties.

The maximum values of tapes color difference, width, 
thickness and linear density were reached for the additive 
content of 7.00 wt%. More marked increase of color 
difference was shown in a range of low portions of the 
additive. To show such tendency, a logarithmic relation 
was proposed. Other parameters, i.e. width, thickness and 
linear density increased linearly at the inspected range of the 
additive portion. Using the relations, the maximum values 
of positive changes of 2.0-2.7% were found in structural 
properties of tapes. On the other hand, the additive also 
caused decrease in tensile properties, i.e. breaking force, 

Figure 7: Changes in properties of tapes after application of 
additive Granic 422.

tenacity, elongation at break, work of break, specific 
work of break and initial modulus. The above-mentioned 
negative changes in properties can be shown using the 
linear dependences. According to the relations, the tensile 
properties reduced in about 2.1-8.8%.

Therefore, the structures having the lowest portions of 
additive Granic 422 for maintenance whiteness produce 
minimum effects on structural and tensile characteristics 
of the tapes. When the greatest portions of the additive are 
applied, the color differences and cross-sectional parameters 
of the tapes tend to increase, but their tensile parameters 
have the lowest values.
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